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Colorless, b\éa.va, hadtons...
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DO OTH#ER ($/HPLER?) PHASES ExisT?

Do other phases exist whese
quasiparticles look more like
'f'he q,uarlcs auJ SIuous oC 'Hte

G (D ‘.asmv«siau ? Aud lok more
like ?kasos ";am}liar ":rom QED?

Asbmpﬁa"'fc -?rceﬂom: Quarhs aud
sluous w éa Ula 'ln'l'el'acf"ms

o) whepn close 4=3¢'|'ker-

i.c')wke“ mteract at larse Mo m uti,
Susgec-'-s look. at high densify or
N%k ‘+ewm per ature.
OR: condensed wmutter physics teeches
s ot phases may be 'QM' ¢f‘°M
Simple even ‘gor o as swall og F's-_-’



EXPLORING the PHASES of QCD
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Color Superconductor?
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T(MeV), assuming T =170 eV,
(estimate 13 1o<TeC 190)
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COS MOLOG\CAL CONSEQUENCES?

Nobody has propesed on observable
s'ugna'\'ufe o‘P e QD +rans/tion
n fue ea.rlna W verse, W itis a
CfoSsover,

BUT: A sull ¢i ently s“"o"s‘j Siest order
+rane: Hion messes «P 533 b"“%

nuc(eosyn%osis, n & @5,7

neongsted with date
9_2: CoSwoba'zca\ “nonobservation’

of a % order QD trausiton ig
cons'stent wrth lattice Qd,

AVD: T$ you wont to Pprobe the
Properties of hot guack matter,
lugt oeen wmicre secands odter The
b.'s b‘"‘ﬂ: you need exper'men'\'s
+Hat (ecfeate ok






WEAVY oM CoLLISIONS: A RRIEF
INTRODUL ¢ TIOA)

o A picture worth 1000 wordy —»

o Seq uence of everts :
v Collision \eaues lots of &luong 4
quarles at Mid-mpidi-l-a_

tl) ntrecacHon =» +theCwalidation 7 7
- must be tegted expcr'imen'h“%
) i yes, hot Sicebull expands | conls,
Tollows some sk on phase Jdiagmu,
(V) “Freezeout’ (alter which hadrons

S\y outwards 1w det actor) Much

eviden® from SPS + RHIC Sugqests
Sinal ohete at Sreereout s

expanding, wequilibrated, hadron gas.
sWhet does hiaker (g b“'ﬂ?
* higher wiHal T, we hope
e lower hrbon ‘/en'h‘apy - lower /4
o litble chc.wse n '?reea-epu{- T.



Chemical freeze—out in the T—, plane

40 and 80 4GeV yields also fitted

-
40 AGeV 80 AGeV 158 AGeV %
T (MeV) 148 £ 2 155 £ 4 150£2 >
pp (MeV) | 37747 204+15 2445447 — 200
vs 0.75+0.02 0.72+0.03 0.82+0.02 T
X2/NDF 14.8/4 104/4 235/ 11 5 - _ "y
- ‘ ' - ! n i int
\'s‘. q fits by F. Becattini ; = - -
e~
100 ‘DPS = hadrons
@ Freeze—out parameters on a
(relatively) smooth curve u NA49 5
- A
@ Curve approaches phase boundary : IS{I}?ECAGS - ¢ "'.
in the SPS energy range | & nu
@ Even at RHIC, the parameters do OO 500 1000

not enter QGP—phase

Cross—over line from Z. Fodor, S.D. Katz hep—1at/0204029

Quark Matter 2002, Nantes 13 Marco van Leeuwen
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EXPLORING G¢P PROPERTIES

"Ma k'ma QG-P' i not a ycS/no q,uts*ﬁ'on:
Mo sharp bounhr: between hadrons, Q6P

Goa\l of RHIC: Create Mo.-l-+et'®+h.+
S above the crossover and
4./@

Srudy ts_propect ¢s©

M: RME date (on Vi) tell usg \wheractions

sulliciet +o y'eld ~0$u‘u(ibeo.*«l
Matter, €rpanding eollcc‘l'ivcfg as a
Sid, by o Hime ~0.6-1 fm.
Al+er Hhot k%h&gﬂawd (i _4_9\ hgc‘fb,'

2ero mean free ?d‘“t; deal ltq,uiJ not
14, €al 5&3) desceibes “bulle” of

Pacticles ( P ¢ 1-2 Ge\) well.

D RM¢ dee ( AEr/dy) tell us
£(15w) 2 S el /fwd ﬂ:g;:guer




TowWARD MEBASURING SHEAR VISces(Ty

Elliptic Llow wdicates extent of
€atly equilibration,
look at non- head-on collisions:

(Q)

10 just loks of pep collisions “ollowed ﬁy
Sree streawing, then Sina\ ghate
Mo me nta omi?om(s digéri bubed in

agimuth a.uaﬁ 3

TEC inter action - egui i raction - Pressere
Pressure qradierts » collective Hlow.
T ts happens early, before @
citcularizes by Sree streawiug,
+hen nongere N, ~ <820,
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Hydro can reproduce magnitude
of elliptic flow for &, p. BUT
must add QGP to hadronic EOS!!—_5
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Similar conclusion reached by
CM Ko, et al., Kapusta, et al.,
Bleicher, et al., among others...

{olk by B.Jpcak
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\'D) predlcted by hydrodynamlcs

pressure buildup —
explosion

happens fast —
early equilibration !

$ 4 STAR +
hydro
— resgnance gas




* Tdea ky&r-&ﬂmmics Dased on
assuwption of local egbm.

e tbudfe never a.sr-ed with data —
“nbe‘;on Riie. C A SBS, 1,7~ t.f'.'.i—

e M fHic, hudw dves good job of
k)ﬁ'"b;ha v, 5)06'&6 %f P‘I’ J-26Y
@ ) W " O L= g
MEAVS: “hydro works' by 1 o"fhf )
OC““\(C e '+b +he° ' bw Con Mid .
~ eq,ui ':Em"bh OCCM“J“ q'uic klg z w‘.z
.Sl'rous wheracHons 7 9“"0%2' color ";’;‘tﬂ!

Lelde = Plaswma nahe bi liFies z‘f&ou“mo.

e MEANS! “sweall shear v'usus\i'(-s 2.
Temeﬁ'. 7//5 < 6(7!6/

Cef watet ! 7/ 510
CRALLEVGES: Real extrsction of 1

req uires hydro caleu labions widh h#0,
Mutenga ; keing Sone Chaudhun
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Pacawmetrise Minkowski space Spectral
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R#e experiments seem t be
S’Nab\uj the Propecties of a

QU@RZ - 6(LOON L/ QuiD

In o gas, of & eakly ~coupled

‘P‘uma,

A sPaciua between / |
mean free Paths S PlH“-?cle: (~T
{or uu)

-5 q,m'up‘rl-lcks wifh width « mMass
- 7 > ]

In o liguid, mEp. S SPacing
no well-deSined q,usipar-(-u leg

NR: Sor T lacae enough, PQCD

works, m¥e ~a¢J"‘-T ? "% ~ T.sz )

A¢?P not a liq,u.u auy more,



Should we be Seer pris ed & /+hat
4the Q6P +ucns out +o be liguid -like 7
) Vo, At T~ few Te, toupling not swmall

?)'Bw\' . Latkice shows €/T4 Ceaches
0% o; 1+s value in aw idul-gas-acp
(ie woninteracting) already just above Te,
Doesu't +his tmply juteractions are
“usts a  20% correction” 277

YNy susy QD con Hock ws @

lec Son
e t/py s 75%, of its value iu
g‘l o non‘mi-erac'l'wg susy - Q6P
e interacHonrs Very strong.
?*'*’-5‘ = ._L- a~ :
Son Ghapi "!7/5 - 24 = m.%P' 5P“'“3
"'2 -a liguid with lower viscosity
low Sarinely  per entropy thau water
- ideal hydro!

o Teansy uses Vg dera ¥o
o\ WOClA LY ~ ad small.
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So, o posteriori ) (ie after the
date) 1t 15 not surplisiug fo Sind
o G6P liquid Ta Lack, givan Tuet
Hoe +ransiHon 15 & crossover, it
ptobably has do be this way:

Tener 6AS

QP LIGuId
RADRON LI QLD

NADRON 6AS

Abe o pesteriori ( in Tuis case, o Crer

+the string Hueories we fevlite
e {:90‘/, ot m'm(trad'ius is

closer to 7% (s'f"”sfﬂp"'@*m'bi.



TOWARD MEASORING OPACITY, AWD

PERMAPS Viowd s AND BouWDING &

.'3'& a,uencln'm%": Rie deto 5"‘3&"’5
+hgt +he race high -Pr Particles
Produced n \nitial hard scaH-t.r':uss
are emldcwﬂs s'('achA-b matter
1 “opague’

1»\50“\5, and wherior, jeis g venc hed,

S\noula see Sowme buck o back jﬁs
et any ?T, and wmore auwd wore
at higher Fr,



ww  Evolution of A¢ correlations at RHIC

Ad correlations Trigger

- “Trigger-associated” technique valuable for tagging jets
in high-multiplicity environment (vs. jet-cone algorithms)

Associated

+ Probes the jet’s interaction with the QCD medium

- Provides stringent test of energy-loss models

Higher p; — Away-side suppression Lower p; — Away-side enhancement
pT(assoc) > 2 GeVIc pT(assoc) > 0.15 GeV/c
PRS2 Mo M , r—r—r—r — .
. > d+Au FTPC-Au 0 20% ! * (a)
—~ 0.2 = E o
§ B w- —— P+p min. bias ﬁ‘n - 1.5 +++ -
g - * Au+Au Central ﬂ 213 - + e
© F . T|T 1 + ) o
E’ B - g .
:r M*’ |z 0.5 {B{:ﬁ] [:* —:
Z k. ]
* $ *'*'* i' OP ----------------------- =
oo La<pytrig) <6 Gevie [ | nf<1.0 ZBP
X 0o 1 2 3 Prtrig WY g Au+Au 5%
A ¢ (radians)

STAR, PRL 91 (2003) 072304 STAR, nucl-ex/0501016

QM 2005 Budapest Dan Magestro, STAR 3



yw  Emergence of dijets w/ increasing p,;(assoc) v

- A¢ correlations (not background subtracted) | °.
-
8 < p,(trig) <15 GeV/c oy
pr(assoc) > 7 GeVic 4 "’*--n.,,
2 4 ap'(G:\ﬂc} 10 12 14
d+Au Au+Au, 20-40% Au+Au, 0-5%
Z‘ % S'sTar | preliminary
Tl — 3 i k
T )06 0.06- .06
Flzg i I
2.04- 0.04-
2.02- 0.02-
c & | - | oj i 1 | .|
0 Ab n 0 A n

- Narrow peak emerges cleanly above vanishing background

QM 2005 Budapest

Dan Magestro, STAR



Vsound 7
Some repocts of a v Mach coue” o the
awey side, where +he Supersonic jet
was "\Gacl'mg before it was gquenched,
I{ 4bis persicts as the data is
Lurthar analyted (via 3-particle

Cocreletions) then Measwre cpeniug
dndc °-¢ +he Soni¢c boom -o viound .




ChY WE MEASURE (OR Bouwd) Y
AD DEOUSTRATE. DE(DIFMEHE LT
¢ S sY

Vo ao ~ = &

== T3 '2:33
We have o lower bound on £ (1),
Can we aet wupper bound on T(1£.)7
Cralenge 4o aap. + . (857 S/3?)
We can estim ate S(15m) Srom Final
chabe entropy, assuwing equil E;a'l'f:::,"
before § Gwr. S(86w) 23313 fwm " R
(Eeor +Morl1-Jow'mJ'cJ ; """P“’"“"k\
Now that jets seen +o be Pmk‘mj +hmusk,
Can we use the whole suire of
Jet guenching obgervab les o put
an upper bound oN £(15m)?

Challenae 4o theory. ' GeV
Ho:iv:\'?:n: if you“could show & (1“")‘7 T

uon would have shown V> 2419 .




T#0 5 M 30, M/T NOT LiRéE

Mo » complex EBuclidean action,
® sian Problem that makes Ai‘f‘iml&

of Standard Monte Garlo ~ €V

Nevertheless, we are learmnj about
+uts nesme Lvom lattice caleulations

-HMA. re\y on smallness 0‘? f* / T,

'Th.se MC'H‘OAS Md-s be «s ed +b

locate +he...

CRITICAL PoINT
CRITI e

A 2M ordec point inThe Ph“:.;.
dicgram where a line of |
order +rang fions end. (locd'ton
s sensifive fo guark Mmasses,
Moves lef+ward ¢ magS@s J/.)



LOCATIVG THe CRITICAL PoIOT

‘Ramse of estimates : rD'B:/JB = 3m |
Endpoint
{‘—B—-——' = 1) ~Z, ~ 3
T (uzs) i::; b&o: Ejiri et al
EBrioc estimates unc ertain aud c(earlj
stll large. Net ot all like
Caleu letions of Te. VC'('
Race between latice Qcd aud
eperiment o locete the crifiee

pot nt. ..




HOW CAN EXPERIMENTS L20chTE
THE C(R\TIGL POIMT?

Increasing Js - decrus\ha VB .

EvERSY:! AéS SPS Ritle

u ;«e«ovﬁ . ToHN e——> 30hY

Vary VS, aud henee uy, aud look

Lfor enhancement (rise ¢ theu Fuﬂ)

ot even-l--bz-cveu"’ Lluctuations o'F :

\ ' MM!WK’,
¢) mean Pr of '2.“.-’_& PIONS Dkt

ii) observables tuet are Proxies for

baryon number, like #d protws - B.
Wadu T keda o Hurta Stephanoy
Seen on luttce by Bigleteld -Swanses, -
(i i) Darttele catios 777
e Will better servive lute ~me
hadton aas han Pr - Fluchuafion

hwd ...



Rere s awnother mHE - kot an
e-by-¢ klu chuadon = Hut vories

AOW MO koton! a.,ua with 0¢..
Hadron Multiplicities (g- QUARK CQRR‘EQ)

(K™

TT- - i [ P')"'PB
. !? T (Al\-t-mq)

0.1:— A %% %ﬁ of p+p

THE HORN |
Talk by M Cegdwicki, &t 09, reportiy
NAY q results, \
(H"V\ elss seen 'h 5—%—
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FIG. 13: Measured (K*)/(x*)ratio as a function of the fitted baryon-chemical potential. The full square dot is a preliminary
full phase space measurement in Au-Au collisions at /s, = 200 GeV [37] and the error is only statistical; the arrow on the
left signifies that its associated baryon chemical potential is lower than that estimated at VExn = 130 GeV [11] used here.
For the SPS energy points the statistical errors are indicated with solid lines, while the contribution of the common systematic
error is shown as a dotted line. Also shown the theoretical values for a hadron gas along the fitted chemical freeze-out curve
shown in fig. 11, for different values of vs.

sPs
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0IlllIllllllIlllllll‘Illlllllllllllllll
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¥s=1: 4T n equilibriv,
¥y 076 ST s 759% of egbum value

To explain “horn", need ¥gz| at horu aud
Y ~ 7-.% o eiter side of korn,




Summary Ill.-

% 10 = 0

e (K™ + K)/(m* + ) @ (p + Pt +r)

g 8_— » Data .,.9.. 2L » Data

g : « UrQMD v1.3 s | « UrQMD v1.3

g 6 } 5 4

- : T i

E 4- : E -6f

E | E |

a 0: NA49 Prellmlnary A i NA49 Prellmmary
: : I | | A )
5710 15 200 0401520

sqrt(s) sqrt(s)

» K/nt fluctuations increase towards lower beam energy
 Significant enhancement over hadronic cascade model

* p/= fluctuations are negative
* indicates a strong contribution from resonance decays

Quark Matter 2004 Christof Roland / MIT January 2004



Tntei Su'ma -
L..rse e-by-e -?lue.h«ahons at
Mg ~ 400 -¢ IO MeV , w K/T.

Ace +he §luctuations domineted by

low ™ tek?
bok., e P/ Sluctuations T

Meojumder + Koch ‘“ﬁ““’ s
Ponts Towads Lt onder not
critieal point.
Are Hhere T -glucku‘kont?
¢S : FodocKatt Eudpoirt 340 He\ -‘J? ~ Bbel

Gava: Cupte -ﬂp:"‘""t.. 130 MeV - ra ~25 &Y

Motivadion -?or &.n ENerqy Scan at
low enerales at RHEIC,

Goal: Mark oo ® on Phage &iasmm.



Riew DEVS ITY -em

Whereas ot hl&h'\' entropy wins
—® quark-gluon plasma with Symmetties

o: QD La&'ma'\a.r\ manifest
At \arae L Oith small T we Sind
q'w.rk mather WwWith new pa:l-i-‘ﬂs
of onrdec:
¢ Color sup¢rcon¢luc+5vi+g_

o Color- Flaver Aoclking
° Cr&;h\\‘me Colo.r Supomudut"""’"“ﬁ

o Ad (&fse e,nou.sk 2 (4o be J&MA
below) we have answers.

' A+ lorge but notso large i, we heve
o puisle ,aud hints,

o How can we wse astrophysical
observations of compact stars
to provide answers 7



WHY  COLOR SUPERCLONDUCTIVITY?

Larﬁe o = q,uar-ks 'g'l“i”\% Fermi Sea.
UpP o o (a.rse Ferwmi eueratj,(Ep)
asymprotic Freedom —» weak

interactions Petween g uarks
at TFerm: surfuce.

BUT any attractive mteraction, no
matier how weak, =

cooPER PAIRS 5 <9q,9>
One f)(uon eukaase_ (< mustauton 'mf'erac'HD«)

attractive wm color 3.

(no need fo resort +o phonous; 2
$M‘Perconduc+iui4":) more tobust i D
+haa W wmetels . H'na\wr c/E;-)
<¢vq,>) ce Cooper pails of q,MFéS,

—_-p..cled-n‘c. ¥ cdor curreuts s«percosduct

- MasS 'gor wa"'o#\ 'G'Cﬁoaue) 5(uous(?)
- Meisguner effects. (Hasu-e(-fr'c <
(olor waaguetic Sields -eecludes.)



AP AND T,

M_U_‘_C-_‘j work (that T coill not rev"ew‘)
Susgor.'l‘s 'Ha.a'{" @/uq:.' So0O Mev r_'VIOK neecheur

ceusity |
A £ 100 MeV
T, & 50 MeV
Note: T /e ~ Yio -a‘rll-.l_._s \$ Mﬁ‘r\Tc s.c.!

Tweo classes of methods ~ oqfee 3
i) lMerls ﬂormal'nz'od +0/4:o phssics

(il weak - coupling QD cal e lations , valid
for pu 005950, (O usnbtatively, velid
,, |
for 851 whih weaus 2 10 Mev i < o)
= LPVRY. 2
a y Ng\'le | M
— Ay " e 4 —! i e! (-—-_
g G Ty

" . \
3 _'|._ .-; | ... " ‘\1

S i / S - Y
(e ¥ Taa A | .

rd s "MP(' ?/%) tomes ngw '&iUO..rsM.e " 5“';(( aMﬂé -Sfce?feo‘} >
via erchange o AR — magr—ua.‘ia %luouz.: |
.r‘)( I —p— . lﬁfélﬁn% Q}\.ﬁ"

L’N
BCs tollinar & ver-qLeuce



CF L
In ¢old g varile mather, q'uarlts neéar
Yueir Fermi surdaces pair
= Color superconductHvity

Pattern of paicing:

o @< er B!
<lPd C": .'P|5> . A.é éabl
Slavar Lot 48,68 Capatdy€ €
Alavo € zf:;j‘b(" I A .bz ’ ab;

o antigymmetry in color + Dirac
indices energqetically favored ;
Slavor antisym. Sor ced by Pauli

o TS density %ru* enouqh +hat Ms
Can de ncslwd, A.Z A.Z As

e Al § gurarks pai® , maxim Eikg
tondensation eneray; leaves
lars“'f' symw\e'ﬁ'y wnbroken

e Dewmonstrated risorouslg at

a(ym‘p‘b"'ic densH- .
sUnbroken symmeitios all ore cobrfhvor



aud check &:o ‘90" every P'“- "

-H‘e ‘0“"‘“‘*& .
"'P ohe lineat Cow\.b‘\haﬂah o". Phb‘\"n <
aluen does uct get “Meissnered X

u(,)EM X Su('s)a/or—-b u{l)a



COLOR - FLAVOR LOCKED QUARK HATTER

o occuts for pun 00, aud dk auy pif Mg Syt
e all § quarks pair aud are g«pped '
* superfiuid

o cuiral spmmetry gpo

new wechanism CFL),
= “pions” aud kaons" h’am‘vS"' excitations

e massless 1" Mz My T d O
* ~ fews MoV mogs [«A) Lor reul Ms,u,d-

® \\K "
o May COHJCJ!SC o5 less pho'fom

o L ndbro ken 6“‘3«‘ Ui = ma
o As (Dhﬂ as T £ moson messS 5 NQNH‘-V .
l ..o'rftou* d¢'(70“3)

. - tra
w grof” (m R-f-l-le‘ﬁbl«/f?‘"ﬂtﬁq,

-'m&“ o& NQM‘HOH oud
voelkiciouts kuown

*Nory swell specific heat, ueuttine
ewissiviy Viseos'ry Good Hrerwul coductey
e Al tmese proper hes aud wofle, tigoro ws ly
Ced culeble 1M Ja> o y§=>0 Viwt, Chiral
Sywmwietry breckivg aud ol cons & weuces
undershod et Wigh deusity. s densthy dpend
o« Oceurs tn nature wherever M2 Mg/ ZAT .

o What e te fBperfies of gwrk wefter
et lower deusity 777 ...

wluueovsly droken ; by a



W HAT CAN RE CALCULATEDD

Som QD Srow Hrist princi ples e
.A." OS%IM?"UHG ACMS;'HGS) auswer ;S

*eVera-"h'ma“; Mole "’fl«u i aub o"f'hl'f‘
Cictumstance in QCD,
- te CFL phate, there are
no unresclved nonperturbatfive
8w b‘ssu‘,-l-les: no %a.PlosS Ferwious 5
no massless 8|uons. No IRAi-Wku(ﬁ,.
- caleculation of A s nouperturbative,
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Wi pal Gaww«d'ra bml"mj are
cal eylable at weak coupliug,



¢ A+ ?°+°w|'14“'3 accessibl densifics,
4 net swmall. Means B cauno?
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o walor lstice &CD 'Bml‘f“trmsk-)
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Cie trest as o Parow eher whose
VQlue kuowun a+ orJar o? Nasu'/‘(&ll
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calculable w ferms of A
E%: s?ecicu ha“, +he ¢ mal conduec vy,
mdey of teSracHon, neuliue opacity,
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o8% ective § eld Hheory for e Gollbue

bosons, whose paraw ehers are deterkied
by &
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M
¢ Also, when CFL "breaks", ro Tesiduel

{udD> paiting either, A)loid , kT



WHRAT REPLAES cFL, AT LOWER u?
We don'd 3{"' know .....

We do know: M*
o CEL gl \S unsﬂb‘( once ¢ 2
Lantalbos TR M 74

awd s\-@b\é Lor (af'g-er M.
¢ s T& A \arge evowgh ¢ Mg not too

larye, CFL quark matter \S stable
down “o transitien

A> 1o HeV

of
M H;stoouc\’
AS> ST MeV

CFL

QLESTIONS: .
What & less symmeh'mﬂg Pa'ced

quark matter whervenes”? Te, what
are properties of quarl mather with
/e ?

Whet ate astto pw,cim( Cons @4, vences 1"
neutton stars have CFL cores 7
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Gopless CFL Phase 7
- 24 hignest density Phase within o
spatially wniform ansate
- Nice 9'\ etine tive as‘!‘l‘o? "l%S'ctal h
s‘,an‘.l-u@ ( Mbord Totwan: Kouveris Cotid, KR
- unsted o to curtents =% howosenei-ﬁa
(Huan . Shov kovy, Cus el buoni ef ol
A\ G'l” ,G, ih‘ p r,,ff ,:(; a ")
Crysthulive Color Qupercon&wl‘wiha?

- Moty e e answer, but:

- unbil recertly, aralyzed ovly in
2-Slayor Settivg without iwpasing
ne utrality

- potertial Sor astophysical sig nahures,
[ KSord Bowers L) but wot et

aua\nid sagSiden"’(n ‘o Say
how a\&P\ ut”("\ ve



Favorted accerd g to 6 nddure.

FCC Crystal LQ.MW Ou(gs?s, +M o 34[,
wautitat W‘( reliable. Lowes 142

e The cube structure is the falored ground state: eight
wave vectors pointing towards the corners of a cube,
forming the eight shortest vectors in the reciprocal lattice
of a face-centered-cubic crystal. The gap function is

2m 2T
Alx) = 24 cos—a—(m+y+z) +cos—a—(w —y+ 2)
2 2
A“’A‘p‘_ +cos§(m+y—z)+cos—§(—m+y+z)}

A unit cell:

with contours A(x) = +4A (black), 0 (gray), —4A
(white). Lattice constant is a = V3r/|q| ~ 6.012/Ao.

Sum of D cwrents ; 2et0 wet earcent.

— Typeset by Foill TEX — 19



OLVTLODK
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structures .
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poTLOOKk AND IMPLICATIONS
CRNSTALLINE SOPER FLOIDITY

o A dwo species VLrs ion of cq-,s-Fn.l(‘mg
superfiuid Moy be created in

sa.ses o: u\'\'vo- oouA ;Q,\!'M'ua;ic ‘a&om.r

r? e k P {.'“ = §
[ 3 ¥ . | Ll [ e !

-trap 2 kypcr‘?lnc shtes of .d'om;
- arcanqe sttong at+roctive Wtaraction

behuween 2 ‘'species . (Done via a

Feshbadw Cesonawc® )
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dens Hes Soc 2 “spexies .
VORTEX PINNING % PULSAR ¢LITCHES
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Aldyord

¢ Dotite e crudt\s what happens ?'@ i
o0 15
\ocrtices? Nortices P’mud ot Kk
wt ecseckions o crystl's uodal plaes 7
. TS 4uere ar@ pwned vortices, the
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olor swpercond uch uark watter
wrtiin  neutron d‘ﬁvjeula make Yuis

layer e locus Sor Rlsac Glifches,



 ASTROPHY SICAL LONSERUVEALES IF
VEU TROA) STARS HAVE CFL_CORES
oFor given M, R a litte smaller, '

But, uucerh‘cu-f-» n R st
dowriunafed bg hecleor outer facdq_

o b o shorp interfue, big T PEG
&eusn"i"g step. —PL/&0O sf'gn_gl &_‘

o 15 spherical stars have CEL cores ¢
but oblate sfars do uo'f-)-» wnus wal Spin-up

» Transpareat mulater, = ﬁ " ao.r'c nst 14
f'us +u|>cs:, ho+ £roz-en. —® 'a evo(“-h oM

govem«l bb suter hyer.
o For T <L few MeVs  oxae Ph
o Very swall specific heat, "‘C“"""“" eektuns
ewcuss>v3+3, ueutrinoe oPaci‘Fﬂ.- e et
o superdluidity —p very large
+hermal un&ucﬁuh‘%
@‘W““g ok sta= controlled by nuclear outer

layer
® D,mins sSuper pova T~ Teus of MeV > MESON puarss

5 Mmesons emit aud scatter neutrikos ...
o aud,o\omay be phuse Fransifous .
2 sigrals in Time distributon of superuova Y

° Bace q,u.ork star would be nice. NOT seen ..
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Pudte: T non- CFL q,uark mact-er
Intervenes between CEL ¢ nwc lear,
whet are s properties ?

HIUTS: oCFL \nshb‘.l:i-b ;pcrhsf.lhuc

wn'ousqfe
tomwg : newhal, 3 Slavor crystullive
(o lor superconductor, with realishic
Crgs‘u\ ot rweture . does ¢ have lower
eneray tnon 9 CrL?

LovGrr TRRH : Twmprove dulculations of
Properties and Consegwnus oc tuese
‘P"la.ses ) a“ow'u\a observations Yo

rule tneir presewe within neutron

stars out or n. Ea:
= Pinning Lorce ¥ shear modulus of X-+al
2» Q‘i"'d\os
= alwmosgt no fimi + Yo Possible iwpmvomcnf
w caleuleaton of CEL properties
- hew data Cowu'lns on M, 'R, V- (oo!.‘ns)
SN-V, LI 60, ..
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at0und o 0.19 Solar mass white dwmrl,
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